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We perform a systematical investigation of the strong decay properties of the low-lying 1P- and 2D-wave
doubly charmed baryons with the 3P0 quark pair creation model. The main predictions include: (i) in the Ξcc
and Ωcc family, the 1P ρ mode excitations with J
P = 1/2− and 3/2− should be the fairly narrow states. (ii)
For the 1P λ mode excitations, |2Pλ 32
−〉 and |4Pλ 32
−〉 have a width of Γ ∼ 150 MeV, and mainly decay into the
JP = 3/2+ ground state. Meanwhile, |2Pλ 12
−〉 and |4Pλ 52
−〉 are the narrow states with a width of Γ ∼ 40 MeV,
and mainly decay into the ground state with JP = 1/2+. (iii) The 2Dρρ states mainly decay via emitting a heavy-
light meson if their masses are above the threshold of ΛcD or ΞcD, respectively. Their strong decay widths are
sensitive to the masses and can reach several tens MeV. (iv) The 2Dλλ states may be broad states with a width
of Γ > 100 MeV. It should be emphasized that the states with JP = 3/2+ and 5/2+ mainly decay into the ground
state with JP = 3/2+ plus a light-flavor meson, while the states with JP = 1/2+ and 7/2+ mainly decay into the
ground state with JP = 1/2+ plus a light-flavor meson.
PACS numbers:
I. INTRODUCTION
Fifteen years ago, the SELEX Collaboration announced a
doubly charmed baryon Ξ+cc with mass 3519±1 MeV [1]. One
year later, another doubly charmed baryon Ξ++cc was reported
at 3770 MeV by the same collaboration [2]. Unfortunately,
those two signals Ξ+cc(3519) and Ξ
++
cc (3770) were not con-
firmed by other collaborations. Recently, the LHCb Collab-
oration discovered a doubly charmed baryon Ξ++cc (3621) in
the Λ+c K
−π+π+ mass spectrum [3]. Its mass was measured
to be 3621.40±0.72±0.27±0.14 MeV. The newly observed
Ξ++cc (3621) may provide an access point for the study of dou-
bly heavy baryons and has attracted significant attention from
the hadron physics community [4–19].
In the past score years, the properties of the doubly heavy
baryons were extensively explored with various theoretical
methods and models including the mass spectra [20–30] and
semi-leptonic decays [6, 31–42]. However, only a few discus-
sions on the decay behavior exist in literature [17–19, 43–45].
In our previous work [17], we first systematically investigated
the both strong and radiative transitions of the low-lying 1P-
wave doubly heavy baryons with chiral and constituent quark
model. In this work, we shall perform a systematic analysis of
the two-body Okubo-Zweig-Iizuka (OZI) allowed strong de-
cays of the 1P and 2D doubly charmed states with the quark
pair creation(QPC) model, which may provide more informa-
tion of their inner structures. The quark model classification,
predicted masses [20], and OZI allowed decay modes [46] are
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summarized in Table I.
For the low-lying 1P and 2D doubly charmed baryons, their
masses are large enough to allow the decay channels contain-
ing a heavy-light flavor meson. Thus, it is suitable to apply
the QPC strong decay model. Meanwhile, for further under-
standing the strong decays of the doubly charmed baryons,
it is necessary to make a comparison of the theoretical pre-
dictions with QPC model to the results with the chiral quark
model [17].
The QPC strong decay model as a phenomenological
method has been employed successfully in the description
of the hadronic decays of the mesons [47–50] and singly
charmed baryons [51–55]. Systematical study of the low-
lying 1P and 2D doubly charmed states with the QPC model
has not been performed yet. In the framework of the QPC
model, we find that (i) our results of the decay patterns of the
1P states are highly comparable with those in our previous
work [17]; (ii) the 2Dρρ states mainly decay via emitting a
heavy-light meson if their masses are above the threshold of
ΛcD or ΞcD, respectively; (iii) although the 2Dλλ states may
be broad states with a width of Γ > 100 MeV, they still have
the opportunity to be discovered via their main decay channels
in future experiments.
This paper is structured as follows. In Sec. II we give a
brief review of the QPC model. We present our numerical
results and discussions in Sec. III and summarize our results
in Sec. IV.
II. 3P0 MODEL
The QPC model was first proposed by Micu [56], Car-
litz and Kislinger [57], and further developed by the Orsay
group [58–60]. For the OZI-allowed strong decays of hadrons,
2TABLE I: Masses and possible two body strong decay channels of the 1P and 2D doubly charmed baryons ( denoted by |N2S+1LσJP〉), where
|N2S+1LσJP〉=
∑
Lz+S z=Jz 〈LLz, S S z|JJz〉NΨσLLzχS zφ [46]. The masses (MeV) are taken from the relativistic quark model [20].
State Ξcc Ωcc
N2S+1LσJ
P Wave function Mass [20] Strong decay channel Mass [20] Strong decay channel
|02S 1
2
+〉 0ΨS
00
χλS zφ 3620 · · · 3778 · · ·
|04S 3
2
+〉 0ΨS
00
χs
S z
φ 3727 · · · 3872 · · ·
|12Pρ 12
−〉 1Ψρ
1Lz
χ
ρ
S z
φ 3838 · · · 4002 · · ·
|12Pρ 32
−〉 3959 · · · 4102 · · ·
|12Pλ 12
−〉 1Ψλ
1Lz
χλ
S z
φ 4136 Ξ
(∗)
cc π 4271 Ξ
(∗)
cc K
|12Pλ 32
−〉 4196 Ξ(∗)cc π 4325 Ξ(∗)cc K
|14Pλ 12
−〉 1Ψλ
1Lz
χs
S z
φ 4053 Ξ
(∗)
cc π 4208 ΞccK
|14Pλ 32
−〉 4101 Ξ(∗)cc π 4252 Ξ(∗)cc K
|14Pλ 52
−〉 4155 Ξ(∗)cc π 4303 Ξ(∗)cc K
|22Dρρ 32
+〉 2Ψρρ
2Lz
χλ
S z
φ ΛcD ΞcD
|22Dρρ 52
+〉 ΛcD, Σ(∗)c D ΞcD, Ξ′(∗)c D
|24Dρρ 12
+〉 2Ψρρ
2Lz
χs
S z
φ ΛcD ΞcD
|24Dρρ 32
+〉 ΛcD, ΣcD ΞcD, Ξ′cD
|24Dρρ 52
+〉 ΛcD, Σ(∗)c D ΞcD, Ξ′∗c D
|24Dρρ 72
+〉 ΛcD, Σ(∗)c D, ΞcDs, Ξ′cDs ΞcD, Ξ′(∗)c D, Ω(∗)c Ds
|22Dλλ 32
+〉 2Ψλλ
2Lz
χλ
S z
φ Ξ
(∗)
cc π, Ω
(∗)
cc K, ΛcD, Σ
(∗)
c D, ΞcDs, Ξ
′(∗)
c Ds Ξ
(∗)
cc K, Ω
(∗)
cc η, ΞcD Ξ
′(∗)
c D, Ω
(∗)
c Ds, Ω
(∗)
cc η
′
|22Dλλ 52
+〉 Ξ(∗)cc π, Ω(∗)cc K, ΛcD, Σ(∗)c D, ΞcDs, Ξ′(∗)c Ds Ξ(∗)cc K, Ω(∗)cc η, ΞcD, Ξ′(∗)c D, Ω(∗)c Ds, Ω(∗)cc η′
|24Dλλ 12
+〉 2Ψλλ
2Lz
χs
S z
φ Ξ
(∗)
cc π, Ω
(∗)
cc K, ΛcD, Σ
(∗)
c D, ΞcDs, Ξ
′
cDs Ξ
(∗)
cc K, Ω
(∗)
cc η, ΞcD, Ξ
′(∗)
c D, ΩcDs
|24Dλλ 32
+〉 Ξ(∗)cc π, Ω(∗)cc K, ΛcD, Σ(∗)c D, ΞcDs, Ξ′(∗)c Ds Ξ(∗)cc K, Ω(∗)cc η, Ωccη′, ΞcD, Ξ′(∗)c D, Ω(∗)c Ds
|24Dλλ 52
+〉 Ξ(∗)cc π, Ω(∗)cc K, ΛcD, Σ(∗)c D, ΞcDs, Ξ′(∗)c Ds Ξ(∗)cc K, Ω(∗)cc η, Ωccη′, ΞcD, Ξ′(∗)c D, Ω(∗)c Ds
|24Dλλ 72
+〉 Ξ(∗)cc π, Ω(∗)cc K, ΛcD, Σ(∗)c D, ΞcDs, Ξ′(∗)c Ds Ξ(∗)cc K, Ω(∗)cc η, Ω(∗)cc η′, ΞcD, Ξ′(∗)c D, Ω(∗)c Ds
this model assumes that a pair of quark qq¯ is created from
the vacuum and then regroups with the quarks from the ini-
tial hadron to produce two outing hadrons. The created quark
pair qq¯ shall carry the quantum number of 0++ and be in a 3P0
state. Thus the QPC model is also known as the 3P0 model.
This model has been extensively employed to study the OZI-
allowed strong transitions of hadron systems. Here, we adopt
this model to study the strong decays of the ccq system.
According to the quark rearrangement process, any of the
three quarks in the initial baryon can go into the final meson.
Thus three possible decay processes are take into account as
shown in Fig. 1. Now, we take the Fig. 1(a) decay process
A(the initial baryon)→ B(the final baryon)+C(the final me-
son) as an example to show how to calculate the decay width.
In the nonrelativistic limit, the transition operator under the
3P0 model is given by
T = −3γ
∑
m
〈1m; 1 − m|00〉
∫
d3p4d
3p5δ
3(p4 + p5) (1)
×ω450 ϕ450 χ451,−mYm1 (
p4 − p5
2
)a
†
4i
b
†
5 j
,
where pi (i=4, 5) represents the three-vector momentum of
the ith quark in the created quark pair. ω45
0
= δi j and
ϕ45
0
= (uu¯ + dd¯ + ss¯)/
√
3 stand for the color singlet and fla-
vor function, respectively. The solid harmonic polynomial
Ym
1
(p) ≡ |p|Ym
1
(θp, φp) corresponds to the momentum-space
distribution, and χ45
1,−m is the spin triplet state for the created
quark pair. The creation operator a
†
4i
b
†
5 j
denotes the quark
pair-creation in the vacuum. The pair-creation strength γ is
a dimensionless parameter, which is usually fixed by fitting
the well measured partial decay widths.
FIG. 1: Doubly charmed baryons decay process in the 3P0 model.
According to the definition of the mock state [61], the spa-
cial wave functions of the baryon and meson read, respec-
tively,
|A(NA 2S A+1LAJAMJA )(pA)〉 =√
2EAϕ
123
A ω
123
A
∑
MLA ,MS A
〈LAMLA ; S AMS A |JAMJA〉
×
∫
d3p1d
3p2d
3p3δ
3(p1 + p2 + p3 − pA)
×ΨNALA MLA (p1 ,p2,p3)χ123S A MS A |q1(p1)q2(p2)q3(p3)〉, (2)
|C(NC 2S C+1LC JC MJC )(pC)〉 =
3√
2ECϕ
ab
C ω
ab
C
∑
MLC ,MS C
〈LC MLC ; S C MS C |JC MJC 〉
×
∫
d3pad
3pbδ
3(pa + pb − pC)
×ΨNC LC MLC (pa ,pb)χabS C MS C |qa(pa)qb(pb)〉. (3)
The pi(i = 1, 2, 3 and a, b) denotes the momentum of quarks
in hadron A and C. PA(PC) are the momentum of the hadron
A(C). The 3P0 model gives a good description of the decay
properties of many observedmesons with the simple harmonic
oscillator space-wave functions, which are adopted to describe
the spatial wave function of both baryons and mesons in the
present work. The spatial wave function of a baryon without
the radial excitation is
ψ0lm(p) = (−i)l
 2
l+2
√
π(2l + 1)!!

1
2
 1α

l+ 3
2
exp
 − p
2
2α2
Yml (p). (4)
The ground state spatial wave function of a meson is
ψ0,0 =
R
2
π

3
4
exp
 − R
2p2
ab
2
, (5)
where the pab stands for the relative momentum between the
quark and antiquark in the meson. Then, we can obtain the
partial decay amplitude in the center of mass frame,
MMJA MJB MJC (A → B + C) = γ
√
8EAEBEC∏
A,B,C
〈χ124S B MS Bχ
35
S C MS C
|χ123S A MS Aχ
45
1−m〉
〈ϕ124B ϕ35C |ϕ123A ϕ450 〉I
MLA ,m
MLB ,MLC
(p). (6)
Here, I
MLA ,m
MLB ,MLC
(p) stands the spatial integral and more de-
tailed information is presented in the Appendix A and B. The∏
A,B,C denotes the Clebsch-Gorden coefficients for the quark
pair, initial and final hadrons, which come from the couplings
among the orbital, spin, and total angular momentum. Its ex-
pression reads
∑
〈LBMLB ; S BMS B |JBMJB〉〈LC MLC ; S C MS C |JC MJC 〉
×〈LAMLA ; S AMS A |JAMJA〉〈1m; 1 − m|00〉 (7)
Finally, the decay width Γ[A → BC] reads
Γ[A → BC] = π2 |p|
M2
A
1
2JA + 1
∑
MJA ,MJB ,MJC
|MMJA MJB MJC |2. (8)
In the equation, p is the momentum of the daughter baryon in
the center of mass frame of the parent baryon A
|p| =
√
[M2
A
− (MB − MC)2][M2A − (MB + MC)2]
2MA
(9)
In the present calculation, we adopt mu = md = 220 MeV,
ms = 419 MeV, and mc = 1628 MeV [49] for the constituent
TABLE II: Masses (MeV) of the baryons and mesons in the de-
cays [3, 20, 62].
State Mass State Mass State Mass
Ξ
++(+)
cc 3621.00 Σ
++
c 2453.97 π
0 134.977
Ξ
∗++(+)
cc 3727.00 Σ
∗++
c 2518.41 π
+ 139.570
Ω+cc 3778.00 Σ
+
c 2452.90 K
± 493.677
Ω∗+cc 3872.00 Σ
∗+
c 2517.50 η 547.862
Λ+c 2286.46 Ξ
+
c 2467.93 η
′ 957.780
Ω0c 2695.20 Ξ
′+
c 2575.70 D
0 1864.83
Ω∗0c 2765.90 Ξ
′∗+
c 2645.90 D
+ 1869.58
D+s 1968.27
quark masses. The masses of the baryons and mesons in-
volved in our calculations, listed in Table II, are from the Par-
ticle Data Group [62] except for the doubly charmed baryons,
which is from Ref. [20]. The value of the harmonic oscilla-
tor strength R is 2.5 GeV−1, for all light flavor mesons while
it is R = 1.67GeV−1 for the D meson and R = 1.54GeV−1
for the Ds meson [49]. The parameter αρ of the ρ-mode ex-
citation between the two charm quarks is taken as αρ = 0.66
GeV [17], while αρ between the two light quarks is taken as
αρ = 0.4 GeV. Another harmonic oscillator parameter αλ is
obtained with the relation:
αλ =
 3m32m1 + m3

1/4
αρ. (10)
For the strength of the quark pair creation from the vacuum,
we take the same value as in Ref. [49], γ = 6.95. For the
strange quark pair ss¯ creation, we use γss¯ = γ/
√
3 [60].
III. CALCULATIONS AND RESULTS
For the P-wave doubly charmed states, the masses are
adopted from Ref. [20] (showed in Table I) due to a good
agreement with the mass of the lowest doubly charmed baryon
Ξ++cc (3621) observed by the LHCb collaboration. However,
there is no prediction for the masses of the D-wave states. So
the masses of the D-wave baryons are varied in a rough range
when their decay properties are investigated.
A. The P-wave doubly charmed states
Within the quark model, there are two 1Pρ doubly heavy
baryons with JP = 1
2
−
and JP = 3
2
−
, respectively. Their
masses are above the threshold of Ξccπ or ΞccK. However,
the OZI-allowed two body strong decays are forbidden since
the spatial wave functions for the 1P and 0S states are adopted
with the simple harmonic oscillator wave functions which are
orthogonal. In this work, we focus on the strong decays of the
1Pλ states.
We analyze the decay properties of the 1Pλ states in the
Ξcc and Ωcc family, and collect their partial strong decay
4TABLE III: The comparison of the partial decay widths of the 1Pλ states from the QPC model and the chiral quark model [17]. Γtotal stands
for the total decay width and B represent the ratio of the branching fractions Γ[Ξccπ/K]/Γ[Ξ∗ccπ/K]. The unit is MeV.
Γ[Ξccπ] Γ[Ξ
∗
ccπ] Total B
State Mass This work Ref [17] This work Ref [17] This work Ref [17] This work Ref [17]
|Ξcc 2Pλ 12
−〉 4136 21.9 15.6 18.6 33.9 40.5 49.5 1.18 0.46
|Ξcc 2Pλ 32
−〉 4196 13.7 21.6 117 101 131 123 0.18 0.21
|Ξcc 4Pλ 12
−〉 4053 200 133 0.60 1.22 201 134 333 110
|Ξcc 4Pλ 32
−〉 4101 4.43 7.63 127 84.6 131 92.2 0.03 0.09
|Ξcc 4Pλ 52
−〉 4155 45.9 75.3 12.6 22.8 58.5 98.1 3.64 3.30
Γ[ΞccK] Γ[Ξ
∗
ccK] Total B
State Mass This work Ref [17] This work Ref [17] This work Ref [17] This work Ref [17]
|Ωcc 2Pλ 12
−〉 4271 49.3 33.1 1.53 2.36 50.8 35.5 32.2 14.0
|Ωcc 2Pλ 32
−〉 4325 8.50 11.4 199 174 208 185 0.04 0.06
|Ωcc 4Pλ 12
−〉 4208 378 323 · · · · · · 378 323 · · · · · ·
|Ωcc 4Pλ 32
−〉 4252 2.02 3.08 154 137 156 140 0.01 0.02
|Ωcc 4Pλ 52
−〉 4303 29.1 41.5 2.62 4.38 31.7 45.9 11.1 9.47
widths in Table III. In the Ξcc family, the total decay width
of |Ξcc 2Pλ 12
−〉 is about Γ ∼ 40 MeV, which is compatible with
the result in Ref. [17]. The dominant decay modes are Ξccπ
and Ξ∗ccπ with the partial decay ratio
Γ[|Ξcc 2Pλ 12
−〉 → Ξccπ]
Γ[|Ξcc 2Pλ 12
−〉 → Ξ∗ccπ]
≃ 1.18. (11)
This value is about 2.5 times of the ratio in Ref. [17].
The states of |Ξcc 2Pλ 32
−〉 and |Ξcc 4Pλ 32
−〉 are most likely to
be the moderate states with a width of Γ ∼ 130 MeV, and the
Ξ∗ccπ decay channel is their dominant decay mode. The partial
decay width of Γ[|Ξcc2Pλ 32
−〉 → Ξccπ] is considerable. The
partial decay width ratio is
Γ[|Ξcc 2Pλ3/2−〉 → Ξccπ]
Γ[|Ξcc 2Pλ3/2−〉 → Ξ∗ccπ]
≃ 0.18. (12)
This ratio may be a useful distinction between |Ξcc 2Pλ 32
−〉 and
|Ξcc 4Pλ 32
−〉 in future experiments. These results are in good
agreement with the predictions in Ref. [17].
The state |Ξcc 4Pλ 12
−〉 has a broad width of Γ ≃ 201 MeV,
and the Ξccπ decay channel almost saturates its total decay
widths. This broad state may be observed in Ξccπ channel in
future experiments.
From the Table III, the state |Ξcc 4Pλ 52
−〉 may be a narrow
state with a total decay width around Γ ∼60 MeV, which is
about one half of that in Ref. [17]. This state decays mainly
through the Ξccπ channel. The predicted partial width ratio
between Ξccπ and Ξ
∗
ccπ is
Γ[|Ξcc 4Pλ 52
−〉 → Ξccπ]
Γ[|Ξcc 4Pλ 52
−〉 → Ξ∗ccπ]
≃ 3.64, (13)
which can be tested in future experiments.
In the Ωcc family, the |Ωcc 2Pλ 12
−〉 and |Ωcc 4Pλ 52
−〉 might
be two narrow states with a total decay width of Γ ∼40 MeV,
and their strong decays are dominated by the ΞccK channel.
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FIG. 2: The strong decay partial widths of the 1Pλ-wave Ξcc states
as a function of the mass.
The decay width of the state |Ωcc 4Pλ 12
−〉 is about Γ ∼380
MeV. Meanwhile, its strong decays are governed by the ΞccK
channel. In this case, the |Ωcc 4Pλ 12
−〉 might be too broad to
observed in experiments. However, for the states |Ωcc 2Pλ 32
−〉
and |Ωcc 4Pλ 32
−〉, if their masses lie below the threshold of
Ξ∗ccK, they are likely to be two fairly narrow states with the
total decay widths of Γ ∼ 9MeV and Γ ∼ 2MeV, respectively.
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FIG. 3: The strong decay partial widths of the 1Pλ-wave Ωcc states
as a function of the mass.
Otherwise, they shall have a broad width of Γ ∼200 MeV, and
mainly decay into Ξ∗ccK channel.
Considering the mass uncertainties of the 1Pλ states, we
plot the strong decay width as a function of the mass in
Figs. 2- 3. From the Figs. 2- 3, the partial width of domi-
nant decay channel for most of states are sensitive to the mass.
In addition, in the Ξcc family, if the 1Pλ states are above the
threshold of ΛcD, they can decay viaΛcD with a partial width
about several MeV.
B. The D-wave doubly charmed states
1. ρ-mode excitations
Since we adopt the simple harmonic oscillator spatial wave
functions in present work, the strong decays of 2Dρρ doubly
charmed states via emitting a light-flavor meson are forbidden
due to the orthogonality of the spatial wave functions. So, we
focus on the decay processes via emitting a heavy-light flavor
meson. Due to the lack of the mass predictions for the D-
wave doubly charmed states, we investigate the strong decay
properties as the functions of the masses in a possible range.
First of all, we conduct systematic research on the strong
decays of 2Dρρ states in the Ξcc family in Fig. 4. For the state
|Ξcc 2Dρρ 32
+〉, we put the mass range between the ΛcD thresh-
old (M = 4152 MeV) and M = 4300 MeV. From Fig. 4, we
can see that the state |Ξcc 2Dρρ 32
+〉 is a fairly narrow state with
a width of a few MeV when its mass varies in the range. Its
strong decay is dominated by ΛcD.
Taking the masses of |Ξcc 2Dρρ 52
+〉 and |Ξcc 4Dρρ 52
+〉 in the
range of (4.152-4.450) GeV, they are two narrow states with
a width of Γ < 4 MeV and mainly decay into ΛcD if their
masses are below the threshold of Σ∗cD. However, when the
Σ∗cD channel is open, the total decay widths of those two states
are sensitive to the mass and can increase up to several tenths
MeV. If so, their dominant decay modes should be Σ∗cD.
For the states |Ξcc 4Dρρ 12
+〉 and |Ξcc 4Dρρ 32
+〉, if their masses
are above the threshold of ΛcD, they mainly decay into ΛcD
and have a width of several tens MeV.
Taking the mass of |Ξcc 4Dρρ 72
+〉 in the range of (4.20 - 4.60)
GeV, we get that the decay width of this state is about Γ ≃
(0 − 120) MeV. Its strong decays are governed by the ΛcD
channel in the whole mass region considered in the present
work. When we take the mass of |Ξcc 4Dρρ 72
+〉 with M = 4373
MeV, the predicted branching ratio is
Γ[ΛcD]
Γtotal
≃ 98%. (14)
So, this state is most likely to be observed in theΛcD channel.
Then, we analyze the decay properties of the 2Dρρ states
in the Ωcc family, and plot the partial decay widths and total
decay width as functions of the masses in Fig. 5.
To investigate the decay properties of the |Ωcc 2Dρρ 32
+〉, we
plot its decay widths as a function of the mass in the range
of M = (4.34 − 4.45) GeV. From the figure, its strong decay
width is around a few MeV. This state mainly decays through
the ΞcD channel.
For the states |Ωcc 2Dρρ 52
+〉 and |Ωcc 4Dρρ 52
+〉, we take their
masses in the range of M = (4.34−4.60)GeV. If they lie below
the Σ∗cD threshold, the total decay widths are about Γ < 3
MeV, and are dominated by ΞcD. However, if their masses
are above the threshold of Σ∗cD, their dominant decay channels
should be Σ∗cD and their total decay widths may reach several
tenths MeV.
Taking the masses of |Ωcc 4Dρρ 12
+〉 and |Ωcc 4Dρρ 32
+〉 in the
range of M = (4.34 − 4.40) GeV and M = (4.34 − 4.50) GeV,
respectively, their decay widths depend considerably on their
mass and are governed by the ΞcD channel.
Assuming the mass of the |Ωcc 4Dρρ 72
+〉 in the range of
(4.35-4.75) GeV, this state has a width of Γ ≃ (0 − 150) MeV.
If we take the mass of |Ωcc 4Dρρ 72
+〉 with M = 4523 MeV, the
total decay width is about Γtotal ≃ 12 MeV, and the predicted
branching ratio is
Γ[ΞcD]
Γtotal
≃ 98%. (15)
In brief, the 2Dρρ states of Ξcc and Ωcc can decay through
emitting a heavy-light meson when their masses are above
the threshold of ΛcD and ΞcD, respectively. Their total de-
cay widths maybe reach several tens MeV if their masses are
large enough. However, most of those states may lie below
the threshold of ΛcD or ΞcD, respectively.
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2. λ-mode excitations
As emphasized in our previous work [17], the λ-mode or-
bitally excited state has relatively larger mass than a ρ-mode
orbitally excited state for the doubly charmed baryons. The
2Dλλ states should be heavier than the 2Dρρ states with the
same JP. Thus, many other decay modes are allowed when
we study the strong decay properties of 2Dλλ states.
In the Ξcc family, we estimate the mass of the |Ξcc 2Dλλ 32
+〉
in the range of (4.50-4.90) GeV, and then investigate its strong
decay properties as a function of the mass in Fig. 6. The decay
width of the state |Ξcc 2Dλλ 32
+〉 is about Γ ≃ (100− 650) MeV.
The main decay channel is Ξ∗ccπ and the predicted branching
ratio is
Γ[Ξ∗ccπ]
Γtotal
≃ (77 − 87)%. (16)
On the other hand, the partial decay width of
Γ[|Ξcc 2Dλλ 32
+〉 → Σ∗cD] is sizable. The partial width
ratio between Σ∗cD and Ξ
∗
ccπ is
Γ[|Ξcc 2Dλλ 32
+〉 → Σ∗cD]
Γ[|Ξcc 2Dλλ 32
+〉 → Ξ∗ccπ]
≃ 3.2% (17)
when we fix the mass of this state on M = 4.70 GeV.
For the state |Ξcc 2Dλλ 52
+〉, its mass might be in the range of
(4.55-4.95) GeV. The dependence of the strong decay proper-
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ties of |Ξcc 2Dλλ 52
+〉 on the mass is plotted in Fig. 6 as well.
According to the figure, we can see that the state has a pre-
dicted width of Γ ≃ (150− 590) MeV, and mainly decays into
Ξccπ and Ξ
∗
ccπ. The predicted partial width ratio is
Γ[|Ξcc 2Dλλ 52
+〉 → Ξccπ]
Γ[|Ξcc 2Dλλ 52
+〉 → Ξ∗ccπ]
≃ (30 − 38)%. (18)
Meanwhile, the role of the ΣcD channel becomes more and
more important as the mass increases. The branching ratio is
Γ[ΣcD]
Γtotal
≃ (8 − 18)%. (19)
We estimate the mass of |Ξcc 4Dλλ 12
+〉 in the range of (4.20-
4.60) GeV and calculate its strong decay widths, which are
shown in Fig. 6. From the figure, the state |Ξcc 4Dλλ 12
+〉 is
a moderate state with a width of Γ ≃ (65 − 118) MeV, and
its strong decays are governed by the Ξccπ channel. The pre-
dicted branching ratio is
Γ[Ξccπ]
Γtotal
≃ (36 − 91)%. (20)
It should be pointed out that if the decay channel ΩccK is
opened, which is sensitive to the mass, the branching ratio
of this decay channel may reach 41%. Since the predicted
8width of |Ξcc 4Dλλ 12
+〉 is not broad, this resonance might be
observed in the Ξccπ channel.
The mass of the state |Ξcc 4Dλλ 32
+〉 might be in the range
of (4.25-4.65) GeV, which is ∼ 50 MeV heavier than that
of the state |Ξcc 4Dλλ 12
+〉. We plot the strong decay proper-
ties of |Ξcc 4Dλλ 32
+〉 as a function of the mass in Fig. 6. The
state |Ξcc 4Dλλ 32
+〉 may be a moderate state with a width of
Γ ≃ (82 − 110) MeV, and its strong decays are dominated by
the Ξccπ and Ξ
∗
ccπ channels. However, the partial width of
Ξccπ decreases dramatically with the mass. So, the predicted
branching ratio of the Ξccπ channel varies in a wide range of
Γ[Ξccπ]
Γtotal
≃ (58 − 5)%. (21)
The branching ratio of the Ξ∗ccπ channel is stable, which is
Γ[Ξ∗ccπ]
Γtotal
≃ (39 − 62)%. (22)
This state has good potential to be discovered in the Ξccπ and
Ξ∗ccπ channels.
For the state |Ξcc 4Dλλ 52
+〉, we plot its partial decay widths
and total widths as a function of the mass in the range of (4.30-
4.70) GeV. From Fig. 6, its total decay width is about Γ ≃
(59−260)MeV. The partial decay width ratio of the main two
decay channels Ξccπ and Ξ
∗
ccπ is
Γ[|Ξcc 4Dλλ 52
+〉 → Ξccπ]
Γ[|Ξcc 4Dλλ 52
+〉 → Ξ∗ccπ]
≃ (11 − 44)%. (23)
Meanwhile, from the Fig. 6 we notice that the strong decays
of the state |Ξcc 4Dλλ 72
+〉 are dominated by the Ξccπ and Ξ∗ccπ
channels as well, when the mass lies in the range of (4.35-
4.75) GeV. But the total decay width of |Ξcc 4Dλλ 72
+〉 is about
Γ ≃ (52 − 610) MeV, which shows stronger dependency on
the mass than that of |Ξcc 4Dλλ 52
+〉, and the predicted ratio
between Ξccπ and Ξ
∗
ccπ is
Γ[|Ξcc 4Dλλ 72
+〉 → Ξccπ]
Γ[|Ξcc 4Dλλ 72
+〉 → Ξ∗ccπ]
≃ (3.5 − 7.8). (24)
In addition, we extract the strong decays of the 2Dλλ states
in the Ωcc family, and plot their decay properties as functions
of the masses in Fig. 7. Usually, the mass of the Ωcc res-
onances is about 150 MeV larger than that of the Ξcc res-
onances [19, 20]. Thus we estimate the mass of the state
|Ωcc 2Dλλ 32
+〉 might be in the range of (4.65-5.05) GeV. Ac-
cording to our theoretical calculations, |Ωcc 2Dλλ 32
+〉 is a broad
state with a width of Γ ≃ (114 − 769) MeV, and Ξ∗ccK almost
saturates its total decay widths.
Meanwhile, the state |Ωcc 2Dλλ 52
+〉 is most likely to be a
very broad state as well, and the total decay width is about Γ ≃
(280 − 1000) MeV with the mass in the range of (4.70-5.10)
GeV. Its strong decays are governed by the ΞccK and Ξ
∗
ccK
channels. The predicted partial width ratio between ΞccK and
Ξ∗ccK is
Γ[|Ωcc 2Dλλ 52
+〉 → ΞccK]
Γ[|Ωcc 2Dλλ 52
+〉 → Ξ∗ccK]
≃ (23 − 41)%. (25)
The partial width of Ξ′ccD is sizable as well. This broad state
might be hard to be observed in experiments.
Taking the mass of |Ωcc 4Dλλ 12
+〉 in the range of (4.35-4.75)
GeV, the state |Ωcc 4Dλλ 12
+〉 might be a moderate state with a
width of Γ ≃ (104 − 194) MeV, and mainly decays into the
ΞccK channel. Such a moderate state has some possibility to
be observed in future experiments.
As to the state |Ωcc 4Dλλ 32
+〉, we plot its strong decay prop-
erties as a function of the mass in the range of (4.40-4.80)
GeV in Fig. 7. The total decay width of |Ωcc 4Dλλ 32
+〉 is
Γ ≃ (108 − 161) MeV. Its strong decays are dominated by
the ΞccK and Ξ
∗
ccK channels, and the predicted partial decay
width ratio is
Γ[|Ωcc 4Dλλ 32
+〉 → ΞccK]
Γ[|Ωcc 4Dλλ 32
+〉 → Ξ∗ccK]
≃ (1.95 − 0.24). (26)
The total decay width of |Ωcc 4Dλλ 52
+〉 is Γ ≃ (68 − 300)
MeV with the mass in the range of (4.45-4.85) GeV. From the
Fig 7, this state mainly decays through the Ξ∗ccK channel. The
branching ratio is
Γ[Ξ∗ccK]
Γtotal
≃ (93 − 62)%. (27)
The partial width of the ΞccK channel is sizable as well.
The partial decay widths of the |Ωcc 4Dλλ 72
+〉 strongly de-
pend on its mass. Taking the mass of |Ωcc 4Dλλ 72
+〉 in the
range of (4.50-4.90) GeV, the total decay width varies in a
wide range of Γ ≃ (43 − 708) MeV. Its strong decays are gov-
erned by the ΞccK and Ξ
∗
ccK channels, and the partial decay
width ratio is
Γ[|Ωcc 4Dλλ 72
+〉 → Ξ∗ccK]
Γ[|Ωcc 4Dλλ 72
+〉 → ΞccK]
≃ (22 − 48)%. (28)
Meanwhile, the partial decay width of ΞcD is sizable, and the
predicted partial width ratio between ΞcD and ΞccK is
Γ[|Ωcc 4Dλλ 72
+〉 → ΞcD]
Γ[|Ωcc 4Dλλ 72
+〉 → ΞccK]
≃ (4.7 − 8.6)%. (29)
In conclusion, in the Ξcc and Ωcc family, the 2Dλλ states
with JP = 1/2+, 7/2+ mainly decay into the ground state
with JP = 3/2+ through emitting a light-flavor meson, while
the 2Dλλ states with J
P = 3/2+, 5/2+ mainly decay into the
ground state with JP = 1/2+ plus a light-flavor meson. The
states |4Dλλ 12
+〉 and |4Dλλ 32
+〉 are most likely to be the mod-
erate states with the total widths of Γ ∼ 100 MeV, which are
insensitive to their masses, and might be discovered in their
dominant decay channels.
IV. SUMMARY
In the present work, we have systematically studied the
strong decay properties of the low-lying 1P and 2D doubly
9charmed baryons in the framework of the 3P0 quark pair cre-
ation model. Our main results are summarized as follows.
For the 1P ρ-mode doubly charmed baryons, their decay
widths should be fairly narrow because of the absence of the
strong decay modes. In addition, for the 1P λ-mode excita-
tions, the states |2Pλ 32
−〉 and |4Pλ 32
−〉 are predicted to be mod-
erate states with a width of Γ ∼ 150 MeV. Their strong de-
cays are governed by the Ξ∗ccπ or Ξ
∗
ccK channel. However, the
states |2Pλ 12
−〉 and |4Pλ 52
−〉 are most likely to be narrow states
with a total decay width of Γ ∼ 40 MeV, and their strong
decays are dominated by the Ξccπ or ΞccK channel. Such nar-
row states have good potential to be observed in future ex-
periments. Meanwhile, the dominant decay mode of the state
|4Pλ 12
−〉 is Ξccπ or ΞccK as well, but the total decay width of
this state is about Γ > 200 MeV.
Since the strong decays of 2Dρρ doubly charmed baryons
via emitting a light-flavor meson are forbidden, they mainly
decay via emitting a heavy-light meson with a total decay
width of several tens MeV if their masses are large enough.
The partial strong decay widths of the 2Dρρ doubly charmed
baryons strongly depend on their masses. The measurement
of masses in the future will be helpful to understand their inner
structures.
Within the range of mass we considered, the 2Dλλ states
with JP = 1/2+, 7/2+ mainly decay through the Ξ∗ccπ or Ξ
∗
ccK
channels, respectively, while the 2Dλλ states with J
P = 3/2+,
5/2+ mainly decay through the Ξccπ or ΞccK channels. It
should be remarked that the states |4Dλλ 12
+〉 and |4Dλλ 32
+〉 are
most likely to be discovered in their corresponding dominant
decay channels because of their not broad widths of Γ ∼ 100
MeV, which are insensitive to their masses.
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Appendix A: The decay mode with doubly charmed baryon plus
a light-flavor meson
The harmonic oscillator wave functions for the orbitally ex-
cited baryons in our calculation are
ψ(lρ,mρ, lλ,mλ) = (−i)l
 2
lρ+2
√
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, (A1)
where pρ =
1√
2
(p1 − p2) and pλ = 1√
6
(p1 + p2 − 2p3).
The ground state wave function of the meson is
ψ(0, 0) =
R
2
π

3
4
exp
 − R
2p2
ab
2
, (A2)
where pab stands for the relative momentum between the
quark and antiquark in a meson.
Since all the final states are in the S -wave ground states in
the present work, the momentum space integration I
MLA ,m
MLB ,MLC
(p)
can be further expressed as Π(lρA,mρA, lλA,mλA,m). Based on
Fig. 1(a), the explicit form of the momentum space integration
Π(lρA,mρA, lλA,mλA,m) are presented in the following.
For the S -wave decay,
Π(0, 0, 0, 0, 0) = β|p|∆0,0. (A3)
For the P-wave decay,
Π(0, 0, 1, 0, 0) =
 1√
6λ2
− λ3
2λ2
β|p|2
∆0,1, (A4)
Π(0, 0, 1, 1,−1) = − 1√
6λ2
∆0,1
= Π(0, 0, 1,−1, 1). (A5)
For the D-wave decay,
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Π(0, 0, 2, 1,−1) = λ3√
2λ2
2
|p|∆0,2
= Π(0, 0, 2,−1, 1). (A7)
Here,
λ1 =
1
α2ρ
, λ2 =
1
α2
λ
+
R2
3
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2√
6α2
λ
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R2√
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, (A8)
λ4 =
1
3α2
λ
+
R2
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, β = 1 − λ3√
6λ2
, (A9)
for the above expressions and
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Appendix B: The decay mode with a singly heavy baryon plus a
heavy-light meson
From Fig. 1(c), the momentum space integration
Π(lρA,mρA, lλA,mλA,m) can be expressed in the follow-
ing.
For the S -wave decay,
Π(0, 0, 0, 0, 0) = β|p|∆0,0. (B1)
For the P-wave decay,
Π(0, 0, 1, 0, 0) = − 1
2 f1
 f2β|p|2 + ζ
∆0,1, (B2)
Π(0, 0, 1, 1,−1) = Π(0, 0, 1,−1, 1) = ζ
2 f1
∆0,1, (B3)
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For the D-wave decay,
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Π(1, 0, 1, 1,−1) = −̟ζ
2 f1
|p|∆1,1 = Π(1, 0, 1,−1, 1), (B11)
Π(1, 1, 1,−1, 0) = − λ2β
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f1 = λ3 −
λ2
2
4λ1
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f2 = λ5 − λ2λ4
2λ1
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f3 = λ6 −
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4
4λ1
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for the above expressions and
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Here, the parameters α′ρ and α
′
λ
stand the harmonic oscillator
parameters of the final singly heavy baryon.
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